We report the initial characterization of mOb1 (Odd homeoBox 1), which encodes an atypical 73 amino acid K50-homeodomain protein localised in the cytoplasm and absent from nuclei during mouse development. Conserved orthologues were present in man, rat, cow, pig and chicken, but not in fish, amphibians or invertebrates. Temporo-spatial patterns of mOb1 transcript and mOb1 protein expression were coincident in developing mouse embryos. Cardiac expression was first observed at E8.25 in linear heart tube myocardium and briefly in both horns of the sinus venosus. Myocardial expression peaked at E13.5, where after it diminished and was not detectable above background by adulthood. At no stage was expression observed in endocardium, endocardial cushion tissue, the coronary arteries or great vessels. At E13.5 and E15.5, mOb1 expression broadened to include skeletal muscle, stratified epithelium (upper aerodigestive tract and skin), epithelium of developing airways, vibrissae, midbrain/hindbrain junction, meninges, mesenchymal cellular condensations that preceded cartilage formation and chondrocytes. q 2003 Elsevier Science Ireland Ltd. All rights reserved. None of these approaches identified any potential, related paralogues. Accordingly, Ob1 has probably arisen relatively recently in evolution.
Results and discussion
OB1 (Odd homeoBox 1) transcripts, with alternative-splicing in the 5 0 -UTR, were characterized from normal adult human gingival and cardiac cDNA libraries (accession no. AF492675-81). Additional 5 0 -sequence was not identified by either 5 0 -RACE or database searching (Genbank, http:// www.ncbi.nih.gov). A single band of approximately 1.2 kb was observed on Northern blot analyses of total RNA extracted from mouse embryos and did not give insight into the relative abundances of alternatively-spliced transcripts (data not presented). Pig (sOb1; AF492682), cow (bOb1; AF492683), mouse (mOb1; AF492703-4), rat (rOb1; AF492685) and chicken (gOb1; AF492684) orthologues were identified as EST's, which were obtained and sequenced. By contrast, Genbank did not include any reptile, amphibian, fish or invertebrate orthologues. Neither Xenopus nor Danio Ob1 orthologues were isolated by degenerate oligonucleotide RT-PCR, although known Ob1 orthologues could be amplified from complex cDNA pools via this approach. Filter hybridization screening of Takifugu cDNA libraries did not detect Ob1 orthologues in pufferfish. None of these approaches identified any potential, related paralogues. Accordingly, Ob1 has probably arisen relatively recently in evolution.
Only one translation initiation sequence with good homology to the optimum Kozak sequence was present in each orthologue (Kozak, 1999) (Fig. 1A) . Conserved, 73 amino acid protein sequences, with features of a K50-HD motif, could be deduced for each orthologue (Fig. 1B) . A very rare population of OB1 transcripts was identified by RT-PCR of adult human gingival cDNA library pools that included an additional, protein-coding exon (exon 5) (AF492678-9). Inclusion of exon 5 altered the open reading frame to code a 94 amino acid protein. A similar population of transcripts was not identified in mOb1 cDNA.
Nucleotide sequencing of relevant human and mouse genomic clones (cosmids and BACs), together with database sequence analyses confirmed the genomic organizations of OB1 and mOb1 genes (Fig. 1C) . Variations in the OB1 and mOb1 gene structures may reflect their apparent recent evolutionary origins (Fig. 1C) . OB1 was localized to human chromosome 4q12 by a combination of FISH and GeneBridge4 somatic cell hybrid radiation mapping that positioned OB1 between markers AFM356tc5 and AFM135xc3. FISH was used to localize mOb1 to chromosome 5.50-E1, which is syntenic with human chromosome 4q12 (Fig. 1D ).
mOb1 expression was developmentally regulated in mouse embryos (Fig. 2) . At E7.5 no expression was detected by either in-situ hybridization or immunohistochemistry. mOb1 transcripts were detected by in-situ hybridization at E8.25 and from E8.5 onwards coincident temperospatial patterns of transcript expression and mOb1 immunoreactivity were present.
During mouse heart development, expression was restricted to myocardium after a brief period of expression in both horns of the sinus venosus at E8.25 ( Fig. 2A) . No expression was observed either in endocardium, endocardial cushion tissue, coronary arteries or great vessels ( Fig. 2B-I , Q). Myocardial expression peaked at E13.5, had diminished by E15.5 and was further attenuated in postnatal day 2 (P2) hearts, becoming indistinguishable from background by adulthood.
Extra-myocardial mOb1 expression was not observed before E13.5 and was not investigated after E15.5 (Fig.  2F , J-P, R-U). Sites of expression included skeletal muscle, stratified epithelium (upper aerodigestive tract and skin), epithelium of developing airways, vibrissae, midbrain/hindbrain junction, meninges, mesenchymal condensations that preceded cartilage formation and chondrocytes. Nuclear immunoreactivity was not observed in any of the tissues investigated.
OB1 and its orthologues, hereafter generically referred to as Ob1, have unusual features. Ob1 is exceptionally small (73aa, ,8.5 kDa) for a protein with a HD (Banerjee-Basu et al., 2001) . In all other vertebrate K50-HD genes, and in HD proteins in general, the HD is one of several different domains that interact with nucleic acid and/or other proteins to generate functional specificity (Amendt et al., 1999; Poulin et al., 2000) . The capacity for Ob1 to function in this way must be constrained by its size.
Ob1 did not fulfill the classification criteria for a pairedlike K50-HD and would not be expected to bind DNA in the same way described for more typical K50-HD proteins (Gehring et al., 1994; Wilson et al., 1995; Galliot et al., 1999) . Ob1 lacks the typical minor groove DNA-binding motif. The amino acid sequence around the K50 residue, which would be expected to mediate major groove DNAbinding, exhibited atypical features. Ob1 may not bind DNA at all, in keeping with its consistent cytoplasmic location. HD motif functions unrelated to DNA-binding are poorly understood. For instance, in Drosophila, the K50-HD motif of bicoid binds caudal mRNA transcripts with a resultant repression of translation (Niessing et al., 2000) .
Materials and methods

Animals
Mouse CD1 tissues were investigated at different ages from embryonic age 7.5 (E7.5) (E7.5-E15.5; P2 and adult mouse hearts). Embryos were collected from timed-matings where the presence of a vaginal plug at noon was considered as E0.5. Tissues were either fixed in 4% (w/v) paraformaldehyde for temperospatial expression studies or used as a source of total RNA (extracted with TRIzole, Life Technologies, Paisley, UK) for cDNA synthesis according to standard methods.
Initial characterization of orthologue cDNAs
cDNAs originated from different sources including normal adult human gingival and cardiac cDNA libraries (Stratagene, Gebouw California, The Netherlands), total embryonic mouse cDNA and clones identified by public database searching. 5 0 -RACE of human heart cDNA (Marathon-Ready cDNA; BD Biosciences Clontech UK, Cowley, UK) was undertaken according to the manufacturer's instructions, with care taken to account for alterative splicing at the 5 0 -end of OB1. Additional orthologues were sought via filter hydridisation screening of adult Takifugu whole body and liver cDNA libraries (UK HGMP, Hinxton, UK). RT-PCR of cDNA prepared from different Xenopus ages (eggs through to adults) and Danio ages (embryos and adults) was also employed using degenerate oligonucleotide primers located within the protein-coding regions: dGAR-TAYAAYTTYWRYAARGT and dNGCNARNCKYT-GYTTRAACC (where
. Integrity of the Xenopus and Danio cDNAs was established using RT-PCR for genes (e.g. gapdh) expected to be present. Nucleotide sequencing was used to confirm RT-PCR product identity. 
Tissue section and whole-mount in-situ hybridisation
In-situ hybridization was undertaken according to standard methods with sense and anti-sense riboprobes generated from the protein-coding region of mOb1 cDNA. For tissue sections (E7.5-E15.5; P2 and adult mouse hearts), probes were radiolabelled with cytidine 5 0 -(a-thio)triphosphate, [
35 S] (Perkin Elmer, Wellesley, MA, US) and slides dipped in photographic emulsion for autoradiography. Whole-mount preparations (E8.5-E10.5) probes were labelled with digoxigenin-UTP and developed in NBT and BCIP (Roche, Lewis, UK).
Immunohistochemistry
Anti-peptide rabbit antisera were raised against the synthetic peptide sequence, EILEYNFNKVNKHPDPT-TLC, and affinity-purified. Immunohistochemistry of mouse tissue sections (E7.5-E15.5; P2 and adult mouse hearts) was undertaken according to standard methods. Bound primary antibody was detected with goat anti-rabbit biotinylated secondary antibody (Vector) and StrepABComplex/HRP (Dako, Ely, UK) followed by development in DAB. Controls included omission of either primary or secondary antibody, substitution of the primary antibody with pre-immune serum and pre-incubation of the affinitypurified primary antisera with the original peptide.
Genomic characterization and chromosome localization of OB1 and mOb1
Mouse and human genomic DNA clones (cosmids BACs and PACs) were identified by filter hybridization library screening, and characterized by nucleotide sequencing. FISH was used to chromosome localize OB1 and mOb1 according to the method of Ardley et al. (2000) . Mouse chromosome-specific paints were used. The GeneBridge4 Radiation Hybrid DNA Panel (UK HGMP; Gyapay et al., 1996) was also used to chromosome localize OB1 with oligonucleotide primer pairs located in both the 5 0 -and 3 0 -UTRs.
